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RESEARCH MEMORANDUM

PERFORMANCE OF EXTERNATL-COMPRESSION BUMP INLET
AT MACH NUMBERS OF 1.5 TO 2.0

By Paul C. Simon, Dennis W. Brown, and Ronald G. Huff

SUMMARY

An experimental investigation of a one-fifth-scale model of the fore-
body of a proposed supersonic fighter was conducted to determine the in-
ternal performance and configuration drag of various twin-side inlets.
Inlets of the external-compression ramp and bump types, having various
types and combinations of boundary-layer bleed, were tested. All con-
figurations had internal contraction sufficient to prevent supersonic
starting at the Mach numbers investigated. The configurastions were tested
at Mach numbers of 1.5, 1.8, and 2.0; angles of attack from 0° to 10°;
and angles of yaw from 0° to 5°,

The performance of the externael-compression bump inlet was superior
to that of the ramp inlet at all flight conditions investigaeted. The per-
formance of the bump inlet at critical mass-flow conditions was generally
insensitive to variations in angle of attack and yaw. Adequate inlet
stability range and sultable sensor pressures for g bypass control were
observed at gll flight conditions.

TNTRODUCTICON

An experimental investigaetion of a one-fifth-scale model of the fore-
body of a proposed supersonic fighter was conducted in the 8- by 6-foot
supersonic wind tunnel of the NACA Iewis laboratory for the purpose of
evaluating several twin-side-inlet air induction systems. The evaluation
was made on the basis of configuration axial force, inlet mass flow,
pressure recovery, stebility, snd compressor-inlet total-pressure dis-
tortions. Subsonic-diffuser pressure retios were recorded for possible
use as input signals to a diffuser bypass control system. Performance
was evaluated for a range of free-stream Mach numbers, mass-flow ratios,
and angles of attack and yaw.

External-compression bump and remp inlets were tested with various
amounts of compression surface and inlet throat boundary-layer bleed.
In addition, configuration performance for both a conical and a flat
canopy windshield wes determined.
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RIDENTIARY NACA RM ES6L19
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The Reynolds number per foot, based on free-stream conditions,
varied between 4 and 5 million.

SYMBOLS
A area, sq ft -
An fuselage forebody base area, 0.8605 sq ft
(A./AS)d ratio of total diffuser flow aréa of twin inlets to
compressor-inlet flow area
Cp configuration external-axial-force coefficient, Eg%—
B . B
F configuration external axial force, 1b (positive downstream)
M Mach number
m mass flow, pVA
m/ﬁo mass-flow ratio, Ea%txg
P total pressure, lb/sq ft
Px/Pq compressor-inlet total-pressure ratio - - =
P/P, compressor-inlet total-pressure recovery (average across
duet)
AP3/§3 total-pressure distortion at coqpressor inlet
P static pressure, 1b/sq ft B o

(pl/Pl) pressure ratio in right-hand diffuser at station 1
T

pZ/P2 pressure ratio at diffuser station 2

p3/PO compressor-inlet static-pressure ratio

APS/PO inlet stability pressure amplitude at compressor inlet
a dypemic pressure, % (oM2), 1b/sq £t

T total temperature, R - .

v velocity, ft/sec
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W weight flow, 1b/sec

vi~/6

5.4 in}et weight flow per unit area refergnced to compressor

373 inlet and stendard sea-level conditions, 1b/(sec)(sq ft)

o fuselage angle of attack, deg

T ratio of specific heats

5] ratio of total pressure to NACA standard sea-level pressure,
p/2116.2

2] ratio of total temperature to NACA standard sea-level tem-
perature, T/518.7

o) mass density, slugs/cu ft

Y fuselage angle of yaw, deg

Subscripts:

b inlet boundary-layer bleed

bp diffuser bypass

i inlet duct

t inlet throat

0 free-stream conditions

1 diffuser station 1 (model station 37.10 in.)

2 diffuser station 2 (model station 59.25 in.)

3 compressor inlet (model stetion 66.83 in.)

APPARATUS AND FROCEDURE

The model was a one-fifth-scale forebody of a proposed supersonic
airplane having twin side inlets designed to supply air to one turbojet
engine. A photograph of the model mounted on the sting support system
in the tunnel is presented in figure 1, and a general assembly drawing
of the model is given in figure 2. The alrflow through the diffuser
system was varied by means of a remotely controlied conical plug at the
diffuser-discharge duct exit, and the axial forces were messured by an
internal strain-gege balance. Model angles of attack and yaw were varied
by remote operation of the support strut. :
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Inlets i

Two types of external-compression inletg were investigated, a bump
inlet and a ramp inlet. Both inlets were designed at a free-stream Mach
number of 1.6 to compress the nonuniform flow, created by the fuselege
nose and the pllot's canopy, in such a mamner as to generate a uniform
Mach number of 1.4 at the face of the inlets.

The bump inlet utilized & contoured hump located in front of each
inlet. Details of the bump inlet are shown in figure 3(a). Boundary-
layer bleed systems, consisting of perforations on the bump surface and
perforations and/or a flush slot on the inlet floor, were incorporated
on the bump inlet to remove that portion of.the boundary-layer air that
entered the inlet. The bleed surface was erbitrarily dlvided into five
areas, as illustrated in figure 3(b). All air bled through the perfor-
ated areas or slot entered a bleed chamber (fig. 3(b)), directly under
the bleed surfaces, and was discharged through two exits located on _
either side of the inlet cowl. Various combinations of bleed areas as™
enumerated in teble I were tested. In one combination, sir bled from
the forward perforated srea was discharged out the bléed-chember exits
through two independent 5/8-1nch—1ns1de dlameter tubes. This was done
to prevent the high bleed-chamber pressure, originating at the throat
slot, from forcing air out the perforastions of the forwerd area. No
attempt was made to measure the bleed weight flow.

The ramp inlet was essentially a two-dimensional .wedge-type com- .
pression surface (fig. 3(c)). However, the leading edge of the ramp
was curved so as to be equidistant from the fuselage Surface. The ramp
inlet was tested with and without a throat bleed slot, as noted in table
1. A fuselage boundary-lsyer diverter was installed beneath the ramp

(fig. 3(c)).

Diffuser " ;

The diffuser flow-ares variations of both the bump end ramp inlets
are given in figure 4. Both the bump end ramp diffusers had internal
contraction exceeding the meximum theoretical for starting at the free-
gtream Mach numbers tested. The equivalent cone angle of the diffuser,
from the throat to the maximum ares, was 1. 77O for the bump diffuser
and 1.74° for the ramp diffuser.

Bypass - - —

The diffuser bypass on the full-scale operational airplane is de-_
gigned to permit the inlet to operate at optimum net propulsive thrust,
to meke possible turbojet-engine operation without inlet instaebility,
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and, in addition, to supply the secondary-flow reguirements of an
ejJector nozzle. These requirements demsnd a varisble bypass. The model
bypass, although a scaled version of the operational bypass, was not
variable and was fixed at the minimum open position for the data re-
ported herein. The nearly flush opening of the bypass (see fig. 2) was
annular in shape and was located circumferentially around the diffuser
Jjust upstream of the compressor-inlet station. A smell diffuser
boundary-layer scoop was Incorporated in the bypass ring. Thus low-
energy alr was scooped off and ducted, along with the bypass air, down-
stream to a discharge at the model base. The ratio of boundary-layer
scoop area plus bypass area to eompressor-inlet flow area Abp/AS was
0.066,

Canopy

The two types of canopies tested, the flat and the conical wind-
shields, and their locations relative To the bump inlet are illustrated
in the isometric views shown in figure 5.

Instrumentation and Data Reduction

Pressure orifices and pitot tubes associated with the model were
located in the internal region of the diffuser system and the fuselage
base. Compressor-inlet total pressure P3 was determined by averaging
the measured total pressures at the compressor inlet, station 3 (model
station 66.83 in.), where the pitot tubes were located at the centroids
of equal areas (fig. 5). The compressor-inlet total-pressure distor-
tions AP3/§3 were alsco evaluated from these tubes. Total-pressure dis-
tortion was defined as the meximum Indicated total pressure minus the
minimum total pressure divided by P3, the average of all the tubes.

The pitot tubes closest to the diffuser wall were 4.6 percent of the dif-
fuser diameter from the wall surface,

The compressor-inlet mass flow mz was determined from the average

of four static-pressure orifices at model station 87.83 inches (3.46
compressor-inlet diam downstream of compressor-inlet station) and the
known ares ratio between that station and the throst formed by the re-
motely controlled exit plug, where the flow was assumed to be choked.
The bypass mass flow"mb was evaluated from the static and total pres-

sures measured at a station of known area in the bypass duct. The inlet
mass flow m; 1is simply the sum of the compressor-inlet and bypass
flows.

The axial forces presented represent only external pressure and
friction forces; the base force and the change in total momentum of the
internal flow from the free stream to the duct discharge have been ex-
cluded from the model forces.
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The total amplitude of the compressor-inlet static-pressure fluc-
tuations (buzz) was determined by a dynamic- pressure pickup located
near the compressor-inlet station. : —_—

The model was rolled 84° clockwise to position the left inlet in
line with the schlieren system, and the performance of the inlet in yaw
was obtained during this rolled condition. The 84° roll position pro-.
duced 20- and 35-minute angles of attack at 2052' and 4047' angles of °
yaw, respectively.

In ordexr to obtain controls data, configuration B(Z,S)F wasg modi-
fied by the addition of pressure-sensing instrumentation designed to
supply input-signels to a diffuser bypass control. Two independent
sets of pressure pickups were installed, diffuser stations 1 and 2, to’
provide a choice between two possible locations Both sets of 1nstru-
mentation were of the Mach number control type described in reference 1.
A rake consisting of five pitot tubes and ore static grifice was in-
stalled near the throat (station 1) of each diffuser duet. The contrals
instrumentation installed at diffuser station 2 (fig. ) consisted of
four static-pressure orifices and a total-pressure rake mounted later-
ally across the diffusers just upstream of where the twin ducts join
into one. The average pressure of this rake was approximately equal to
the pressure obtainable from a slotted orlfice degcribed in reference 1.
(A rake was used because it offered less ardh blockage in the model. )
Thus, the resulting pressure ratio pz/Pz could possibly be used as a

Mach number control parameter.

- RESULTS AND DISCUSSION
Performance Charts

Performance of configurations. - The performsnce.plots of the
external-compression bump and ramp inlets with various boundery-layer
bleed systems are presented in figure 7. On each plot the three per-
formence parameters, compressor-inlet total—pressure Tecovery,
compressor-inlet total-pressure distortion, and externsl axial-force
coefficient, are plotted as a function aof the compressor-inlet masss-
flow ratio for two angles of attack and freeg-stream Mach numbers of l 5
and 1.8. The region of unstaeble inlet operatlon, where the maximum
total amplitude of the static-pressure fluctuatlons at the compressor
inlet is greaster than 5 percent of the free—stream total pressure, is
shown by dashed curves. Superimposed on each set of total- pressure re-
covery curves is a grid of corrected welght flow lines.

All configurations had about the same pressure recovery and a wide
range of buzz-free match points for turbojeﬁ-engine operation, as shown
in figure 7. Configuration B(Z,S)F weas se}ected for & more detailed
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study because 1t had the least amount of bleed surface area and there-
fore should also have the smallest drag due to bleed. The performance

of configuration B(2,3)F is presented in figures 8(a) and (b) for Mach
nunmbers up to 2.0, angles of attack up to 9°937', and angles of yaw up to
5°. It can be noted that the Important performance variables st critical
mass-flow ratio are relatively insensitive to variations in angle of
attack and yaw. The performsnce of the bump-inlet configuration with a
contlcal windshield can be compared with that of the flat windshield in
figures 8(c), (d), and (e).

Performance summery charts. - The performance of configurations
B(2,3), R(O)F, and R(5)F during critical mass-flow conditions is sum-
marized in figure 9. At this mass-flow condition, the performance of
the bump inlet was superior to that of the ramp inlets (fig. 9(a)). For
example, the bump-inlet recovery was about Z percent greater than that
of configuration R(O)F, the distortion was sbout 18 percent less, and
the drag sbout 7 percent less at Mach numbers of 1.5 and 1.8.

The effect of angle of attack on the critical inlet performance of
configurstion B(2,3)F is presented in figure 9(b) for the Mach number
range investigated. As can be noted fram the figure, the important per-
formance variables were insensitive to angle of attack up to 10°.

The effect of modifying the cockpit~canopy from a flat windshield
to a conical windshield (fig. 5) for angles of attack of 0°, 5°, and
9°37' is presented in figure 9(c). The modification produced an improve-
ment In both critical pressure recovery and axial-force coefficient at
all Mach numbers and angles of attack investigeted. The greatest gains
were at a Mach number of 1.8, where CF decreased about 10 percent at

a = 5° and ?5/P0 incressed spproximately 2 percent at o = 9937'.

Flow Characteristics

Mass flow. - The compressor-inlet mass flow and the concomitant by-
pass mass flow for configuration B(2,3)F is presented in figure 10 at
all conditions tested. The bypass mass flow is the sum of the boundary-
layer scoop mass £low and the mass flow which passed through the bypass
opening (0.057 in.). A slight difference in bypass mass flow exists be-
tween the angle-of-attack and the angle-of-yaw conditions because for
the angle-of-attack condition the bypass was inadvertantly unchokedqd,
thereby reducing mbp. The flow coefficient (measured bypass mass flow

divided by theoretical bypass mass flow assuming fs at the choked

areas) for the bypass flush slot plus diffuser boundary-layer scoop was
estimated to be 0.9 (approximately).
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Schlieren photographs. - Figure 11 preégents a group of typical -
schlieren photographs of the inlet shock structure of configuration ~
B(2,3)F at zero angle of attack. For each_ free stream and attitude
condition, three photographs at different iplet mass-flow ratios are
shown, one of the inlet at critical operation and two having subcrit-
ical mass flows. No schlieren photographs were taken at angles of
attack other than zerc degree.

Total-pressure contours. - Typical cofipressor-inlet total-pressure
contours for conditions at or near critical mass flow are presented in
figure 12 for configurations B(2,3)F, R(O)F and R{5)F et various Mach
numbers and angles of attack and yaw.

Inlet stability. - Inlet stability characteristics for configura-
tion B(2,3)F are presented in figure 13 for Mach numbers of 1.5, 1.8,
and 2.0 and angles of attack of 0°, 5°, and 9°37'. The variation of
the maximum amplitude of tThe compressor—lnlet static-pressure fluctua-
tions ApS/PO with changes in inlet corrected weight flow wlwf—/83A3

is presented to indicate the rate at which the inlet proceeds into buzz.

Controls. - To ald in determining a suitable diffuser Mach number
type of bypass control, both stations 1 and 2 were instrumented with
stetic- and total-pressure sensors. The objective of-the measurements
at station 1 was to determine if the pressure ratio -Pl/Pl at one lo-

cation would show a consistent variation with changes in inlet mass-flow

ratio ml/mo end would be relatively insensitive to varistions in angle

of pitch and yaw. The static- to total—pressure retio at station 1 for
the five pitot tubes of the right diffuser are shown in figure 14(a) as

a function of w11/§/85A3. No left- diffuser data or yaw data are pre-
sented because the static-pressure measurement in the left duct was in

error. For a typical turi/get engine, an estimate of the net propulsive

thrust variation with w /85A3 (not presented) indicated that the

maximum value occurxred at 41 and 39 pounds_Per second per square foot
for free-stream Mach numbers of 1.5 and 1.8, respectively. It can be
noted that the bypass control pressure ratio pl/?l for all tubes ex-

cept number 1 could be scheduled for a valué of 0.665 and 0.705 at Mach
numnbers of 1.5 and 1.8, respectively, for optlmum performance at angles
of attack up to 10°

The controls pressure ratios et diffusér station Z are presented
in figure 14(b) for configuration B(2,3)F at Mach numbers of 1.5 and
1.8 and the angles of attack and yaw tested. This aVeérage static- to
total-pressure ratio indicates that it also would make a suitable by-
pass control parameter because of its insen51tivity to varlatlons 1n

angle of attack or yaw.

' ogg
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SUMMARY OF RESULTS

A supersonic wind-tunnel investigation of a one-fifth-scale model
of the forebody of a proposed fighter airplane was conducted to deter-
mine the internal performsnce and configuration drag of various twin
side inlets for a range of Mach numbers and angles of sttack and yaw.
A summary of the more important findings is as follows:

1. The performsnce of the external-compression bump inlet was
superior to that of the external-compression ramp Inlet.

2. The stability of all inlets investigated was sufficient to pro-
vide a wide range of buzz-free subcritical match points for turbojet
operation.

3. The critical performence of the bump Inlet was generally insen-~
sitive to angles of attack to 10° and angles of yaw to 5°.

4., A modification of the cockplt canopy, from s flat windshield to
a conical windshield, produced improvements in both pressure recovexry
and configuration drag.

5. Measured values of static- to total-pressure ratio near the
subsonic-diffuser discharge were indicated to be adequate for input to
a bypass control. Averaged values proved insensitive to variations in
both angle of attack and yaw.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronsutiles
Cleveland, Ohio, December 20, 1956

REFERENCE
1. Whalen, Paul P., and Wilcox, Fred A.: Use of Subsonic Diffuser Mach

Number as a Supersonic-Inlet Control Parsemeter. NACA RM ES6F0S5,
1956. :



NACA RM ES56L19

10
TABLE I. - LIST OF CONFIGURATIONS INVESTIGATED
Configuration | Total bleed-area | Perforated area per |Flush-slot width,
nomenclature ratio, unit surface area in.
Ap/AL (hole diam. = (area 5)
0.070 in.),
percéiit

B(2,3)F2 0.195 25 - —
B(2,3)C .195 25’ -—-
B(1,2,3)F .319 25 -——
B(2,3,5)F .385 25 3/8
B(1,5)FVP 415 25 5/8
B(2,3,4,5)F .557 25 3/8
R(O)F 0 0 -
R(5)F .288 0 5/8
B External-compression bump inlet (fig. 3(a))

C Conical windshield (fig. 5)

F Flat windshield (fig. 5)

R External-compression ramp inlet (fig. 3(c))

o} No boundary-layer bleed (fig. 3(c))

1,2,3,4 Perforated sreas for boundary-layér bleed (fig. 3(b))

5 Flush slot at diffuser throat for.boundary-layer bleed (figs.

3(b) and (c))

8Selected for a more extensive study.
Prhig confilguration was tested with the bleed air from area 1 discharged

through an

independent vent.

‘.éééMF
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£ _. T Enlarged front view of
2 12-42473 bump inlet
Figure 1. - Photograph of model installed in 8- by 6-foot supersonic wind tummel.
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(Compressor inlet)

Fuselage forebody
base aree AB

Station 1 2
o Fuselage
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Model station, in. © 15.1 30.4 37.1

Plan view

Inlet
masg-flow 1
control plug

\B.‘rpaas plug
Front view

Cross sectlons
Figure 2. - General assembly of model and bypass detsils. (All dimemsions in inshes.)
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Fuselage
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Bump Diffuser
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\\\\— Inlet

Flat windshield Inlet

cowl

Reference line—\\\

Fuselage

Fuselage

Cross sectlons
(a) Bump inlet.
Figure 3. - Inlets.
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Bleed chamber

I X ~Inlet oowl
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/ R 5 .88
& 1.84
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(b) Bump-inlet bleed surface end bleed chamber.

Figure 3.
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C-42492

Fuselage 'nou.r:uia._ry—//_r — [
layer diverter

Flat windshield

Reference line

Fuselage

view

Fuselage boundary-layer
diverter Inlet

Reference line
Fuselage

E-E F-T -G
Cross sections CD-5343,
(¢) Remp inlet.

Figure 3. — Gonglyded. Inlets.
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Totel-presBure pitot tube
Static-pressure orifice .

(a) Diffuser station 1 . =
{model station 37.10 in.).

R
[oNoNeNoRo Nl
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0Sor&d

309 ~

L N\

30 - s ~

(b) Diffuser station 2
(model stetion 59.25 in.).

(¢) Compressor inleét, station 3
(model stetion 66.83 in.),

Figure 6. - Schematic drawings of pressure-meassuring instrumentation
in diffuser. (A1l dimensions in inches.)
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Compressor-inlet total-
pressure distortion, AP;/Fs

Compressor-inlet total-

pressure recovery, Pz/Pg

External-axlal-force coefficlent,
Cp

Configuration
0 B(2,3)F
X- B(1,2,3)F
B(2,3,5)F
Y  B(1,5}F7
b B{2,3,4,5)F
—=—— TUnstable reglon,
APS/PO > 0.05
.6
i ik
4 p:
. qL ‘
. ul ;
(o]
1.0 22 7 > / /
- Z , L
v e %W
.9 /// e //4 5] raram L
FEEEIETE S CRHAVE S e I
28 0, 38 24_ / Va
—2¢ 40 r_ 3‘26 28 |1 T A A /
8 42’;9 30 |52 | 34| 38|
- i e aa:
Corrected welght flow, | 44 |
Y3 ’ 42
. 1b/(sec)(sq £t)
-1 *
N T
<>\\ \A
.30
o1 ~
—45 NG
.26 <]
.22
Mg = 1.5 D<> Mo = 1.8
.18
.6 7 .8 .9 1.0 1.1 .7 .8 .9 1.0 1.1 1.2

Compressor-inlet mass-flow ratio, m;,,/m0

(a) Bump Inlet with various bleed systems at zero engle of attack.
Figure 7. - Performance of configurations.
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Compressor-inlet total-
pressure distortion, aPy/Ps

Compressor-inlet total-
pressure recovery, Pz/Pg

External-axial-force
coefficient, Cp

NACA RM ES6L1°

- 8 B{2,3)P
B 1.2,5§P
A B(2,3,5)F
[ B(2,3,4,5)F

Configuration

.8 - — Unstable region
- bp, /P > 0.05

g _ 4
>

2La _
1=
1.0
( o / // % - . .7/ ////
. NANA S A x -
2ol g Pl A s A
+ 36155~ a4 I r—
.8 Corrected weight flow, 0 _2&‘25 3IOV 32 34 55l
wsv/B/Bghs, io.~]

[—— 1b/(sec)(8q ft) 4.2
T - I

. 30
p— iy 8
.26} -~ Pl
N~ \\\\ Py
~ \ g

.22 — P,

My = 1.5 1 Mo =13
el

-] .6 .7 .8 9 1.0 1.1 I} 1.0 1.1 1.2 1.3

. 7 .8
Compressor-inlet masa-flow ratio, m3/

(b) Bump inlet with various bleed systems at 5° angle of attack.
Flgure 7. - Continued. Performance of conflgurations.
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Compressor-inlat maps-tlow ratio, rny‘:id

(o) Ramp inlet with and without throft blesd at zero angle of attack.
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Pressure ratio at diffuser station 2 (av. of all tubes), pz/Pz
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